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ON-VEHICLE DEVICE, METHOD OF
CONTROLLING ON-VEHICLE DEVICE, AND
COMPUTER-READABLE STORAGE
MEDIUM

CROSS-REFERENCE TO RELATED
APPLICATION

This application 1s based on and claims priority under 335
USC 119 from Japanese Patent Application No. 2016-

028269 filed on Feb. 17, 2016, the disclosure of which 1s
incorporated by reference herein.

BACKGROUND

Techmical Field

The present invention relates to an on-vehicle device, a
method of controlling an on-vehicle device, and a computer-
readable storage medium.

Related Art

Techniques that support the driving of a vehicle are
known (refer to Patent Document 1 (Japanese Patent Appli-
cation Laid-Open (JP-A) No. 2014-10800), Patent Docu-
ment 2 (JP-A No. 2015-104930), and Patent Document 3
(JP-A No. 9-35177)). For example, Patent Document 1
discloses a technique of displaying a preceding marker, that
guides the advancing direction of an own vehicle, so as to be
superposed on the scene of a real space by using a head-up
display.

However, with the aforementioned prior art, there are
cases 1 which it 1s dificult for the driver to intuitively
understand the contents that are displayed on the front
windshield glass, and there 1s room for improvement with
regard to this point.

SUMMARY

In view of the above-described circumstances, an object
of the present invention 1s to provide an on-vehicle device,
a method of controlling an on-vehicle device, and a control
program of an on-vehicle device that can make a driver
intuitively understand contents that are displayed on a front
windshield glass.

An on-vehicle device relating to a first aspect has: a
peripheral situation detecting section that detects a situation
of a periphery of an own vehicle; a driving support section
that, by controlling the own vehicle on the basis of the
situation of the periphery of the own vehicle that was
detected by the peripheral situation detecting section, sup-
ports driving of the own vehicle by a dniver; a display
section that 1s able to display an 1image, on a front windshield
glass of the own vehicle, in a manner of being superposed
on a scene of a real space at a vehicle front side of the own
vehicle; an eye detecting section that detects a height
position of eyes of the driver of the own vehicle; and a
display control section that, on the basis of information
detected by the peripheral situation detecting section and
information from the driving support section, generates
image data 1n which marks for driving support of the own
vehicle are drawn so as to be superposed on a forward
situation diagram that shows the situation at a front side of
the own vehicle, and that, from information detected by the
eye detecting section and from the image data, sets a
vanishing point in accordance with the height position of the
eyes ol the driver and computes a display image depicted by
a one-point perspective drawing method, and, on the basis of
the mnformation detected by the eye detecting section, causes
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2

the display image to be displayed on the front windshield
glass by the display section such that the vanishing point 1s
set 1n accordance with the height position of the eyes of the
driver.

In accordance with the above-described structure, on the
basis of the information detected by the peripheral situation
detecting section and the information from the driving
support section, the display control section generates 1mage
data 1n which marks for driving support of the own vehicle
are drawn so as to be superposed on a forward situation
diagram that shows the situation at the front side of the own
vehicle. The “shows the situation at the front side of the own
vehicle” means showing the positional situation of, for
example, other vehicles, the road (including the vehicle
lanes), pedestrians, objects such as obstacles and the like, or
the like that are at the front side of the own vehicle. Further,
from the mformation detected by the eye detecting section
and from the image data, the display control section sets a
vanishing point in accordance with the height position of the
eyes of the driver and computes a display image that is
depicted by a one-point perspective drawing method. More-
over, on the basis of the information detected by the eye
detecting section, the display control section causes the
display 1image to be displayed on the front windshield glass
by the display section, such that the vanishing point 1s set in
accordance with the height position of the eyes of the driver.
Displaving the display image such that the vanishing point
1s set 1n accordance with the height position of the eyes of
the drniver 1s 1n order to make i1t seem that the marks are
displayed 1n accordance with the scene of the real space at
the vehicle front side of the own vehicle. Due thereto, it
appears to the driver that the marks are directly drawn on the
scene ol the real space at the vehicle front side of the own
vehicle, and therefore, the driver can be made to intuitively
understand the contents shown by the marks. For reference,
the one-point perspective drawing method 1s one type of
perspective, and 1s a drawing method 1n which one vanishing
point 1s set in the composition at a position corresponding to
the height of the eyes of the observer. In this one-point
perspective drawing method, all of the lines in the depth
direction are 1n a radial form so as to converge at the
vanishing point.

In an on-vehicle device relating to a second aspect, 1n the
first aspect, the marks include a first mark, that 1s shaped as
an arrow and shows a traveling direction of another vehicle
detected by the peripheral situation detecting section, and a
second mark, that 1s shaped as an arrow and shows a planned
traveling direction of the own vehicle.

In accordance with the above-described structure, the first
mark, that 1s shaped as an arrow and shows the traveling
direction of another vehicle detected by the peripheral
situation detecting section, and the second mark, that 1s
shaped as an arrow and that shows the planned traveling
direction of the own vehicle, appear to be drawn directly on
the scene of the real space at the vehicle front side of the own
vehicle. Therefore, the driver can be made to intuitively
understand the traveling direction of the other vehicle and
the planned traveling direction of the own vehicle.

In an on-vehicle device relating to a third aspect, 1n the
first or second aspect, the display section 1s built-in in an
inner side of an mstrument panel of the own vehicle, and has
a concave mirror that reflects the display image toward the
front windshield glass, and a mirror surface angle adjusting
section that adjusts an angle of a reflecting surface of the
concave mirror by operation of a motor, and the motor 1s
controlled by the display control section.
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In accordance with the above-described structure, the
display i1mage 1s reflected and enlarged by the concave
mirror onto the front windshield glass, and the angle of the
reflecting surface of the concave mirror 1s adjusted due to the
motor of the mirror surface angle adjusting section operat-
ing. Due to the motor being controlled by the display control
section, the display 1mage 1s displayed on the front wind-
shield glass such that the vanishing point 1s set 1n accordance
with the height position of the eyes of the driver. Accord-
ingly, the vanishing point of the display image can be made
to correspond to the height position of the eyes of the driver
by a relatively simple structure.

A method of controlling an on-vehicle device relating to
a fourth aspect 1s a method of controlling an on-vehicle
device that has: a peripheral situation detecting section that
detects a situation of a periphery of an own vehicle; a driving
support section that, by controlling the own vehicle on the
basis of the situation of the periphery of the own vehicle that
was detected by the peripheral situation detecting section,
supports driving of the own vehicle by a driver; a display
section that 1s able to display an 1image, on a front windshield
glass of the own vehicle, in a manner of being superposed
on a scene of a real space at a vehicle front side of the own
vehicle; and an eye detecting section that detects a height
position of eyes of the driver of the own vehicle, the method
including: on the basis of information detected by the
peripheral situation detecting section and information from
the driving support section, generating image data 1n which
marks for driving support of the own vehicle are drawn so
as to be superposed on a forward situation diagram that
shows the situation at a front side of the own vehicle, and,
from information detected by the eye detecting section and
from the image data, setting a vanishing point 1n accordance
with the height position of the eyes of the driver and
computing a display image depicted by a one-point perspec-
tive drawing method, and, on the basis of the information
detected by the eye detecting section, causes the display
image to be displayed on the front windshield glass by the
display section such that the vanishing point i1s set in
accordance with the height position of the eyes of the driver.
Therefore, 1n the same way as 1n the first aspect, the driver
can be made to mtuitively understand the contents expressed
by the marks.

A computer-readable storage medium storing a control
program of an on-vehicle device relating to a fifth aspect
stores a control program of an on-vehicle device that has: a
peripheral situation detecting section that detects a situation
ol a periphery of an own vehicle; a driving support section
that, by controlling the own vehicle on the basis of the
situation of the periphery of the own vehicle that was
detected by the peripheral situation detecting section, sup-
ports driving of the own vehicle by a dniver; a display
section that 1s able to display an 1image, on a front windshield
glass of the own vehicle, in a manner of being superposed
on a scene of a real space at a vehicle front side of the own
vehicle; and an eye detecting section that detects a height
position of eyes of the driver of the own vehicle, the control
program causing a computer that 1s included 1n the on-
vehicle device to execute processings including: on the basis
of information detected by the peripheral situation detecting
section and information from the driving support section,
generating 1mage data 1n which marks for driving support of
the own vehicle are drawn so as to be superposed on a
forward situation diagram that shows the situation at a front
side of the own vehicle, and, from information detected by
the eye detecting section and from the image data, setting a
vanishing point in accordance with the height position of the
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eyes of the driver and computing a display image depicted
by a one-point perspective drawing method, and, on the
basis of the information detected by the eye detecting
section, causing the display image to be displayed on the
front windshield glass by the display section such that the
vanishing point 1s set in accordance with the height position
of the eyes of the dniver. Therefore, due to a computer
executing the control program of an on-vehicle device
relating to the fifth aspect, the method of controlling an
on-vehicle device relating to the fifth aspect 1s executed by
the computer, and, in the same way as 1n the first and fourth
aspects, the driver can be made to ituitively understand the
contents expressed by the marks.

As described above, the present invention has the excel-
lent effect of being able to make a driver ituitively under-
stand contents that are displayed on a front windshield glass.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing the schematic structure
of an automatic driving control device that serves as an
example of an on-vehicle device relating to an embodiment
of the present invention.

FIG. 2A 1s a block diagram showing the schematic
structure of an automatic driving control ECU, and FIG. 2B
1s a block diagram showing the schematic structure of a
display control ECU.

FIG. 3 1s a schematic vertical sectional view showing the
schematic structure of a head-up display (HUD) 1n a state of
being viewed from a side of a vehicle.

FIG. 4 1s a flowchart showing the contents of display
control processing.

FIG. 5 1s an image drawing showing an example of some
of 1mage data 1n which marks for driving support of an own
vehicle are drawn so as to be superposed on a forward
situation diagram that shows the situation at the front side of
the own vehicle.

FIG. 6 1s an image drawing showing a display example 1n
which a display image, that 1s computed from the 1image data
of FIG. § and the like, and auxiliary information are dis-
played on a front windshield glass.

FIG. 7A shows a display example of a case i which
another vehicle 1s turther away than the case of FIG. 6, and

FIG. 7B shows a display example of a case in which another
vehicle 1s even further away than the case of FIG. 7A.

DETAILED DESCRIPTION

An on-vehicle device, a method of controlling an on-
vehicle device, and a control program of an on-vehicle
device relating to an embodiment of the present mvention
are described by using FIG. 1 through FIG. 7. A block
diagram showing the schematic structure of an automatic
driving control device 10 of the present embodiment is
shown 1n FIG. 1. Note that the automatic driving control
device 10 1s an example of the on-vehicle device relating to
the present mnvention.

The automatic driving control device 10 1s a device that
1s 1nstalled in a vehicle (an own vehicle) and carries out
automatic driving control processing as a driving support
processing that supports the driving of a vehicle by a driver.
The automatic driving control processing 1s a driving sup-
port processing that causes the vehicle 1n which the auto-
matic driving control device 10 1s 1nstalled (the own vehicle)
to travel automatically without involving driving operation
by a driver. As shown 1 FIG. 1, the automatic driving
control device 10 1s structured to include a peripheral
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situation acquiring section 12, a vehicle traveling state
acquiring section 14, an eye detecting section 16, a map
information storing section 18, an automatic driving control
section 46, a display control section 62, an mput section 24
and an output section 26.

The peripheral situation acquiring section 12 1s a func-
tional section that acquires information that expresses what
type of situation the peripheral environment of the own
vehicle 1s. The peripheral situation acquiring section 12 1s
structured to include a GPS device 28, an on-vehicle com-
municator 30, a peripheral situation sensor 32 and a navi-
gation system 34. The GPS (Global Positioning System)
device 28 receives GPS signals from plural GPS satellites,
and measures the position of (positions) the own vehicle.
The accuracy of positioning of the GPS device 28 improves
in accordance with an increase 1n the number of GPS signals
that can be received. The on-vehicle communicator 30 1s a

communication device that detects the situation of the

periphery of the own vehicle by carrying out at least one of
inter-vehicle transmission with other vehicles and road-
vehicle communication with roadside devices. The periph-
eral situation sensor 32 includes at least one of a milliwave
radar and an ultrasonic sonar sensor, and detects the posi-
tions of vehicles, roads, signs, buildings, pedestrians, objects
such as obstacles or the like, and the like, and detects the
moving speeds of objects that are moving. On the basis of
position mformation obtained from the GPS device 28 and
map information, the navigation system 34 carries out
processing that displays the position of the own vehicle on
a map and processing that guides the driver along the route
to the destination.

Note that the above description gives several concrete
examples of sensors for recognizing what type of situation
the peripheral environment of the own vehicle 1s, but various
other types of sensors, such as an on-vehicle camera or the
like for example, may be used as sensors that recognize the
situation of the peripheral environment of the own vehicle.
The peripheral situation acquiring section 12 1s an example
of the peripheral situation detecting section of the present
imnvention, and 1s structured to include a functional section
that detects the situation of the periphery of the own vehicle.

The wvehicle traveling state acquiring section 14 1s a
functional section that acquires information expressing the
traveling state and the operating state of the vehicle, and 1s
structured to include a steering angle sensor 36, a vehicle
speed sensor 38, a blinker sensor 40 and a light sensor 42.
The steering angle sensor 36 1s a sensor that detects the
steering angle of the own vehicle, and the vehicle speed
sensor 38 1s a sensor that detects the traveling speed of the
own vehicle. The blinker sensor 40 1s a sensor that detects
the indicated direction of a turn signal of the own vehicle,
and the light sensor 42 1s a sensor that detects the on/ofl state
of the lights of the own vehicle. Note that, 1n addition to the
above, for example, other sensors that detect at least one of
the depressed amount of the brakes, the gear position, and
the operated state of the wipers may be used as well.

The eye detecting section 16 1s structured to include an
image pickup section 44 that captures 1images of the vehicle
cabin interior region including the driver who 1s seated 1n the
driver’s seat, and an i1mage recognizing section 45 that
recognizes the eyes of the driver from the images that are
picked-up by the image pickup section 44. The eye detecting,
section 16 detects the height position of the eyes of the
driver by image recognition. An in-vehicle camera that 1s set
within the vehicle 1s used as the 1mage pickup section 44.
Note that, 1n addition to detecting the height position of the
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eyes of the driver, the eye detecting section 16 may detect,
for example, movement of the eyeballs of the driver, or the
like.

The automatic driving control section 46 carries out
automatic driving control processing that makes the vehicle
travel automatically by an automatic driving control ECU 20
that 1s shown 1n FIG. 2A. As shown in FIG. 2A, the
automatic driving control ECU 20 has a CPU 48, a memory
50, a non-volatile storage section 52 and a communication
interface (I/F) section 58, and these are connected to one
another via a bus 60. The storage section 52 stores an
automatic driving control program 356, and the communica-
tion interface (I/F) section 58 governs communications
between the sensors and actuators and the like. The auto-
matic driving control ECU 20 functions as the automatic
driving control section 46 (see FIG. 1) due to the automatic
driving control program 56 being read-out from the storage
section 52 and expanded in the memory 50, and the auto-
matic driving control program 56 that 1s expanded in the
memory 50 being executed by the CPU 48.

As shown 1n FIG. 1, the peripheral situation acquiring
section 12, the vehicle traveling state acquiring section 14,
the eye detecting section 16, the map information storing
section 18, the display control section 62 and the input
section 24 are connected to the automatic driving control
section 46. In order to make the vehicle travel automatically,
the automatic driving control section 46 judges the situations
of the own vehicle and the periphery thereot on the basis of
the information obtained from the various types of sensors,
and carries out automatic driving control processing that
controls the acceleration amount, the braking amount, the
steering angle, and the like. Namely, the automatic driving
control section 46 1s an example of the driving support
section of the present invention, and supports the driving of
the own vehicle by the driver by controlling the own vehicle
on the basis of the situation of the periphery of the own
vehicle that 1s detected by the peripheral situation acquiring
section 12. Note that the automatic driving control process-
ing by the automatic driving control section 46 1s known 1n,
for example, JP-A No. 2008-123197 and the like, and
therefore, detailed description thereol 1s omitted.

The mput section 24 1s used at the time when the driver
inputs information to the automatic driving control section
46, and includes at least one of a button, a switch and a
touchscreen. The driver can input, via the mput section 24
and to the automatic driving control section 46, instructions
such as, for example, starting of automatic driving, ending
of automatic driving, and the like.

Further, the output section 26 1s connected to the display
control section 62 that 1s connected to the automatic driving
control section 46. The output section 26 includes a head-up
display 76 (hereinafter called “HUD 76”) for providing
information from the automatic driving control section 46 to
the driver.

A schematic vertical sectional view of a state in which the
schematic structure of the HUD 76 1s seen from a side of the
vehicle 1s shown 1n FIG. 3. Note that, in FIG. 3, arrow FR
indicates the vehicle forward side, and arrow UP indicates
the vehicle upward side. As shown 1 FIG. 3, the HUD 76
1s built-in the mner side of the mstrument panel 78 of the
own vehicle. The HUD 76 includes a light source 80, a
liquid crystal panel 82 through which light emitted from the
light source 80 1s transmitted, a planar mirror 84 that retlects
the light (the display image) transmitted through the liquid
crystal panel 82, and a concave mirror 86 that retlects the
light (the display image), that was reflected at the planar
mirror 84, toward a front windshield glass 88 of the own
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vehicle. Moreover, the HUD 76 has a mirror surface angle
adjusting section 90 that adjusts the angle of a reflecting
surface 86 A of the concave mirror 86 by the operation of a
motor 94. Note that, in FIG. 3, the mirror surface angle
adjusting section 90 i1s shown in the form of blocks. This
mirror surface angle adjusting section 90 has an angle
adjusting mechanism 92 that 1s provided at the concave
mirror 86 and that adjusts the angle of the reflecting surface
86 A of the concave mirror 86 by pivoting around an axis that
runs along the vehicle transverse direction, and the motor 94
that drives the angle adjusting mechanism 92.

The HUD 76 i1s instructed of the image, that 1s to be
projected and displayed onto the front windshield glass 88,
from the display control section 62 (see FIG. 1) that is
described 1n detail later, and controls the driving of the liquid
crystal panel 82 1n accordance with the imstructed 1mage.
Then, the HUD 76 reflects the light, that has been transmiut-
ted through the liquid crystal panel 82, at the planar mirror
84 and the concave mirror 86, and causes the light, that 1s
reflected by the concave mirror 86, to pass-through a
through-hole 78A of the instrument panel 78, and 1llumi-
nates the light onto the front windshield glass 88. Namely,
the HUD 76 1s a structure that projects, in an enlarged
manner and onto the front windshield glass 88, the image
instructed from the display control section 62 (see FIG. 1).
Further, the motor 94 of the HUD 76 1s controlled by the
display control section 62 (see FIG. 1). The motor 94 adjusts
the display range on the front windshield glass 88 up and
down by operating in accordance with instructions from the
display control section 62 (see FIG. 1) and adjusting the
angle of the reflecting surface 86 A of the concave mirror 86.

The upper limit position of the range of the display onto
the front windshield glass 88 by using the HUD 76 can be
adjusted between a first height position hl, that 1s higher
than the height position of the eyes of an average driver, and
a second height position h2, that 1s lower than the height
position of the eyes of an average driver. Further, the angle
of the reflecting surface 86 A of the concave mirror 86 of the
HUD 76 i1s set to be an angle that 1s such that, at least
immediately before execution of the processing of display-
ing onto the front windshield glass 88 by using the HUD 76,
the upper limit position of the range of the display onto the
front windshield glass 88 becomes a standard height position
hx that 1s set in advance between the first height position hl
and the second height position h2. Note that, 1n FIG. 3, the
respective positions of the first height position hl, the
second height position h2 and the standard height position
hx are merely examples.

As described above, the HUD 76 can display an image
onto the front windshield glass 88 of the vehicle with the
image superposed on the scene of the real space at the
vehicle front side of the own vehicle, and 1s an example of
the display section of the present invention. Note that,
instead of the structure of the HUD 76 that 1s shown 1n FIG.
3, a head-up display of another structure in which, for
example, the number of or the arranged structure of the
reflecting mirrors (planar mirrors and concave mirrors) or
the like are changed.

As shown 1n FIG. 1, the display control section 62 that 1s
connected to the output section 26 controls the displaying of
an 1mage onto the HUD 76 by a display control ECU 22 (see
FIG. 2). As shown i FIG. 2B, the display control ECU 22
has a CPU 64, a memory 66, a non-volatile storage section
68 and a communication iterface (I'F) section 72, and these
are connected to one another via a bus 74. The storage
section 68 stores a display control program 70, and the
communication interface (I/'F) section 72 governs commu-
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nications with the exterior. The display control ECU 22
functions as the display control section 62 (see FIG. 1) due
to the display control program 70 being read-out from the
storage section 68 and being expanded in the memory 66,
and the display control program 70, that 1s expanded 1n the
memory 66, being executed by the CPU 64.

Note that the display control program 70 1s an example of
the control program of the on-vehicle device relating to the
present invention. Further, the display control ECU 22 1s an
example of the computer.

Next, display control processing, that 1s executed by the
display control section 62 (the display control ECU 22) of
the vehicle in which the automatic driving control device 10
1s 1nstalled, 1s described as operation of the present embodi-
ment and with reference to the tlowchart shown 1n FIG. 4.
Note that, in the present embodiment, as an example, when
an istruction to start automatic driving from the driver 1s
inputted from the input section 24 to the automatic driving
control section 46, the display control processing shown 1n
FIG. 4 1s executed, and this display control processing is
executed continuously during automatic driving.

In step 100 of the display control processing shown 1n
FIG. 4, the display control section 62 acquires, from the
automatic driving control section 46, information that
includes information that the automatic driving control
section 46 has acquired from the peripheral situation acquir-
ing section 12, the vehicle traveling state acquiring section
14 and the eye detecting section 16. Namely, the display
control section 62 acquires, from the automatic driving
control section 46, peripheral situation information that
expresses the situation of the peripheral environment of the
own vehicle, vehicle state information that expresses the
traveling state and the operating state of the own vehicle,
information of the height position of the eyes of the dniver,
information of the planned travel route of the own vehicle,
and the like. Information, that relates to objects and the like
that exist at the periphery of the own vehicle and that was
detected by the peripheral situation sensor 32, 1s included 1n
the peripheral situation information acquired in step 100.

In step 102 that follows step 100, on the basis of the
information of the planned travel route of the own vehicle
and the vehicle state information and the like that was
acquired from the automatic driving control section 46 1n
previous step 100, the display control section 62 judges
whether or not the own vehicle 1s turning left or right or 1s
making a lane change (1in other words, whether or not the
own vehicle doing either of making a left or right turn or
changing lanes). If the judgment 1n step 102 1s negative, the
routine moves on to step 106. If the judgment 1n step 102 1s
aflirmative, the routine moves on to step 104.

In step 104, on the basis of the information detected by the
peripheral situation acquiring section 12 and the eye detect-
ing section 16 and the information from the automatic
driving control section 46, the display control section 62
computes a display image, and causes this display image to
be displayed by the HUD 76. More concretely, first, on the
basis of the information detected by the peripheral situation
acquiring section 12 and the information from the automatic
driving control section 46, the display control section 62
generates 1mage data in which marks for driving support of
the own vehicle (designs for display such as symbols and
figures and the like, or the like) are drawn so as to be
superposed on a forward situation diagram that shows the
situation at the front side of the own vehicle.

An example of some of image data 220, 1n which a first
mark 206 and a second mark 208 that serve as marks for
driving support of the own vehicle are drawn so as to be
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superposed on a forward situation diagram 200 that
expresses the situation at the front side of the own vehicle,
1s shown 1n an 1image drawing in FIG. 5. Note that, in FIG.
5, 1llustration of portions that are further toward the vehicle
front side than the upper side of the drawing 1s omitted. In
FIG. 5, reference numeral 202 indicates the own vehicle, and
reference number 204 indicates a preceding other vehicle
(an element that can be interpreted 1n the broad sense as an
obstacle that 1s ahead). Further, reference numeral A2 indi-
cates the vehicle lane in which the own vehicle 202 is
traveling, reference numeral Al indicates the vehicle lane at
the left side of the vehicle lane A2, and reference numeral A3
indicates the vehicle lane at the right side of the vehicle lane
A2. Further, lines al, a2, a3, a4 are the lines the divide the
vehicle lanes.

As shown 1n FIG. 5, 1n the forward situation diagram 200,
the first mark 206 and the second mark 208 are drawn so as
to be superposed on a road 210. The first mark 206 1s an
arrow-shaped mark that shows the traveling direction of the
other vehicle 204 that 1s detected by the peripheral situation
acquiring section 12.

To describe the first mark 206 1n further detail, the first
mark 206 1s such that, of an arrow-shaped mark X that 1s
substantially upside-down V-shaped, distal end portion X1
(shown by the two-dot chain line) 1s set so as to not be
displayed. Here, at the arrow-shaped mark X, the distal end
portion X1 (shown by the two-dot chain line), a first
intermediate portion X2, a second intermediate portion X3
and a near portion X4, that are respectively colored, are set
sO as to be spaced apart at an interval in that order. Further,
in step 104, 11, after the arrow-shaped mark X that 1s stored
in advance 1n the storage section 68 1s pasted on the road
210, 1t 15 judged that the inter-vehicle distance between the
other vehicle 204 and the own vehicle 202 1s smaller than a
threshold value that 1s set 1n advance, the distal end portion
X1 (shown by the two-dot chain line) 1s set so as to not be
displayed, as shown 1n FIG. 5. On the other hand, 11, after the
arrow-shaped mark X 1s pasted on the road 210, 1t 1s judged
that the inter-vehicle distance between the other vehicle 204
and the own vehicle 202 1s greater than or equal to the
threshold value that 1s set in advance, the distal end portion
X1, the first intermediate portion X2 and the second inter-
mediate portion X3 are displayed, and the near portion X4
1s set so as to not be displayed (not 1llustrated).

Note that, in FIG. 5, because the other vehicle 204 1s
traveling straight, the first mark 206 also 1s a shape that has
left-right symmetry. However, if the other vehicle 204 is
traveling along a curve, an arrow-shaped mark that corre-
sponds to that curve (i.e., that 1s bent) 1s drawn as the first
mark (not 1llustrated).

The second mark 208 1s an arrow-shaped mark that shows
the planned traveling direction (the planned travel route) of
the own vehicle 202, and, 1n FIG. 5, a case in which the own
vehicle 202 changes lanes 1s shown as an example. Further,
in the present embodiment, the second mark 208 1s drawn
by, for example, the second mark 208 that 1s stored in
advance being pasted at a predetermined timing 1n step 104
(see FIG. 4). Note that, as a modified example, 1n step 104
(see FIG. 4), the second mark 208 may be drawn while being
updated continuously 1n accordance with the passage of
time.

The first mark 206 and the second mark 208 are drawn on
the basis of information from the automatic driving control
section 46. To further explain the point of pasting the
arrow-shaped mark X and the second mark 208 that are
stored 1n advance, arrow-shaped marks of, for example,
several tens of patterns are stored in advance 1n the storage
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section 68, and the appropriate mark 1s selected from among,
these marks and 1s pasted. Note that the number of arrow-
shaped marks that are stored in advance in the storage
section 68 does not have to be several tens of patterns, and,
for example, may be several hundreds of patterns or the like.

In step 104 of FI1G. 4, the display control section 62 (the
CPU 64) sets a vanishing point 1n accordance with the height
position of the eyes of the driver, from the information of the
height position of the eyes of the driver that was detected by
the eye detecting section 16 (see FIG. 1) and from the image
data 220 (see FIG. 5), and computes a display image that 1s
depicted by a one-point perspective drawing method. Fur-
ther, 1n the present embodiment, as an example, auxiliary
information, such as speed information and the like, is
written 1n a superposed manner 1n the display region of the
display image. Further, on the basis of the information of the
height position of the eyes of the driver that was detected by
the eye detecting section 16, the display control section 62
causes the display image to be displayed on the front
windshield glass 88 (see FIG. 3) by the HUD 76 such that
the vanishing point 1s set 1 accordance with the height
position of the eyes of the driver, and causes the auxiliary
information to also be displayed on the front windshield
glass 88 by the HUD 76. Note that the displaying of the
display image such that the vanishing point i1s set in accor-
dance with the height position of the eyes of the driver 1s 1n
order for 1t to seem as 1I the marks are displayed 1in
accordance with the scene of the real space at the vehicle
front side of the own vehicle.

To describe this 1n further detail, at the HUD 76 shown 1n
FIG. 3, the light that has been transmitted through the liquid
crystal panel 82 1s reflected by the planar mirror 84 and the
concave mirror 86, and 1s transmitted through the through-
hole 78 A of the mstrument panel 78, and 1s 1lluminated onto
the front windshield glass 88. Due thereto, the display image
and the like, that were instructed from the display control
section 62 (see FIG. 1), are projected in an enlarged manner
onto the front windshield glass 88. Here, the angle of the
reflecting surface 86 A of the concave mirror 86 1s adjusted
due to the motor 94 of the mirror surface angle adjusting
section 90 operating. Further, due to the motor 94 being
controlled by the display control section 62 (see FIG. 1), the
display image 1s displayed on the front windshield glass 88
such that the vanishing point 1s set 1n accordance with the
height position of the eyes of the driver. Accordingly, the
vanishing point of the display image can be made to corre-
spond to the height position of the eyes of the driver by a
relatively simple structure. Note that, 1 the present embodi-
ment, the vanishing point of the display image 1s set to be the
upper limit position of the range of display onto the front
windshield glass 88 by using the HUD 76.

Here, a method of setting a vanishing point that corre-
sponds to the height position of the eyes of the driver 1s
explained concretely. First, the height position of the eyes of
the driver that 1s detected by the eye detecting section 16,
and the standard height position hx at the upper limait
position of the range of display onto the front windshield
glass 88, are compared. Then, i1f the height position of the
cyes of the dniver detected by the eye detecting section 16,
and the standard height position hx at the upper limait
position of the display range, are the same, the motor 94 1s
not operated. On the other hand, 11 the height position of the
eyes of the driver detected by the eye detecting section 16 1s
higher than the standard height position hx at the upper limit
position of the display range, the motor 94 1s rotated (rotated
forward) by a number of rotations that corresponds to this
difference, and the upper limit position of the display range
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that includes the vamishing point 1s raised, such that the
upper limit position of the display range including the
vanishing point corresponds to the height position of the
eyes of the driver. Further, 1f the height position of the eyes
of the drniver detected by the eye detecting section 16 1is
lower than the standard height position hx at the upper limait
position of the display range, the motor 94 1s rotated (rotated
reversely) by a number of rotations that corresponds to this
difference, and the upper limit position of the display range
that includes the vanishing point is lowered, such that the
upper limit position of the display range including the
vanishing point corresponds to the height position of the
eyes of the dniver.

FIG. 6 1s an image drawing (a display example) in which
a display image 330 (here, an 1mage that displays marks 306,
308 and lines L1, L2, L3, L4), that 1s computed from the
information detected by the eye detecting section 16 (see
FIG. 1) and from the image data 220 (see FIG. 5), and
auxiliary information are displayed on the front windshield
glass 88. The range shown by the two-dot chain line 1n FIG.
6 1s display range 300 that 1s displayed by the HUD 76. The
upper limit position of the display range 300 1s made to
correspond to the height position of the eyes of the driver.
Further, the lower limit position of the display range 300 1s
set along the lower end position of the front windshield glass
88.

In FIG. 6, point 302 1s the vanishing point of the display
image 330, and 1s made to correspond to the height position
of the eyes of the dniver. In FIG. 6, vehicle 304 1s another
vehicle (a preceding vehicle) 1n the scene of the real space
at the vehicle front side of the own vehicle. Further, the lines
.1, 1.2, L3, L4 are lines that partition the vehicle lanes 1n the
display image 330, and these lines L1, 1.2, 1.3, L4 appear to
be superposed on lines La, Lb, Lc, Ld that partition the
vehicle lanes 1n the scene of the real space at the vehicle
front side of the own vehicle. The mark 306 1s a mark
obtained by conversion of the first mark 206 (see FIG. 5),
and the mark 308 1s a mark that 1s obtained by conversion
of the second mark 208 (see FIG. 5).

As shown 1n FIG. 6, the perspective sensations and the
visual angles of the marks 306, 308 correspond to a road 320
and buildings or the like (not illustrated) at the periphery,
and, to the driver, it appears as 1f the marks 306, 308 arc
drawn directly (without a perspective sensation) on the road
320 of the scene of the real space at the vehicle front side of
the own vehicle. Accordingly, the driver can be made to
intuitively understand the contents expressed by the marks
306, 308. Namely, in the present embodiment, the driver can
be made to, intuitively and instantaneously and without
relying on consideration or the like, understand the traveling,
direction of the other vehicle 304 and the planned traveling
direction of the own vehicle.

Note that the auxiliary information 1s shown at the central
portion of the lower side and at the left portion of the lower
side of the display range 300. Mark 310 at the central portion
of the lower side of the display range 300 indicates the
position of the own vehicle 1n the auxihary information
display region, and lines 312 at the both sides of the mark
310 indicate the lines at the both sides of the vehicle lane.
Namely, this shows that, here, the own vehicle 1s traveling
within a vehicle lane. Further, mark 314 1s a preceding
vehicle (another vehicle) that 1s traveling in front of the own
vehicle, and expresses that the automatic driving control
device 10 recognizes the preceding vehicle. The speed
display at the right side of the mark 314 1s the speed display
of the preceding vehicle. Further, plural lines 316 between
the mark 310 and the mark 314 are information relating to
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the inter-vehicle distance between the own vehicle and the
preceding vehicle, and show about how much of an inter-
vehicle distance 1s being maintained while the driving
support 1s being carried out. Moreover, a meter 318 at the
left portion of the lower side of the display range 300 1s a
tachometer, and the speed display thereabove 1s the speed
display of the own vehicle.

Further, FIG. 7A 1s a display example of a case in which
the other vehicle 304 1s further away than the case of FIG.
6, and 1s a case 1n which the inter-vehicle distance between
the own vehicle and the preceding other vehicle 304 1s lower
than a preset threshold value. On the other hand, FIG. 7B 1s
a display example of a case 1n which the other vehicle 304
1s even further away than the case of FIG. 7A, and 1s a case
in which the inter-vehicle distance between the own vehicle
and the preceding other vehicle 304 1s greater than or equal
to the preset threshold value. As shown 1n FIG. 7A and FIG.
7B, marks 306, 306 A that show the traveling direction of the
other vehicle 304, and the mark 308 that shows the planned
traveling direction of the own vehicle, are displayed so as to
be large when the other vehicle 304 1s close, and are
displayed so as to be small when the other vehicle 304 1s far.

To further discuss the case of FIG. 7B which 1s the case
in which the inter-vehicle distance between the own vehicle
and the preceding other vehicle 304 1s greater than or equal
to the preset threshold value, at the time of generating the
image data that corresponds to FIG. 5 and that 1s to be drawn
in step 104 (see FI1G. 4), the first mark (not illustrated) that
1s arrow-shaped and indicates the traveling direction of the
other vehicle 204 1s drawn by the arrow-shaped mark X
being pasted on the road 210, and thereafter, the leading end
portion X1, the first intermediate portion X2 and the second
intermediate portion X3 being displayed, and the near por-
tion X4 being set so as to not be displayed. Therefore, 1n
FIG. 7B, the mark 306A that shows the traveling direction
of the other vehicle 304 is displayed even smaller, and by
this mark 306A as well, the driver can be made to intuitively
understand that the preceding other vehicle 304 1s far away.

As shown 1 FIG. 4, 1n next step 106, the display control
section 62 acquires, from the automatic driving control
section 46, information expressing whether or not the auto-
matic driving control section 46 1s currently carrying out the
automatic driving control processing (i.e., the current on/oil
state of automatic driving). Then, 1n step 108, on the basis
of the information acquired in step 106, the display control
section 62 judges whether or not the current driving state 1s
a state 1n which the automatic driving 1s on. If the judgment
in step 108 1s aflirmative, the routine returns to step 100, and
step 100 through step 108 are repeated until the judgment of
step 108 1s negative. When the judgment of step 108 1s
negative, the display control processing shown in FIG. 4 1s
ended. Note that, 1n the present embodiment, as an example,
at the time of ending the display control processing shown
in FIG. 4, the motor 94 shown 1n FIG. 3 1s operated, and the
angle of the reflecting surface 86 A of the concave mirror 86
of the HUD 76 1s returned to an angle that 1s such that the
upper limit position of the range of display onto the front
windshield glass 88 1s the standard height position hx.
However, the processing that returns the angle of the reflect-
ing surface 86A of the concave mirror 86 of the HUD 76
may be carried out at another time, provided that 1t 1s before
execution next time of the processing of displaying onto the
front windshield glass 88 by using the HUD 76.

Note that, 1n the present embodiment, as an example, the
display 1mage 1s displayed only in a case in which the
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judgment of step 102 1n FIG. 4 1s aflirmative. However, for
example, the display image may be displayed without pro-
viding step 102.

As described above, in accordance with the present
embodiment, the driver can be made to mtuitively under-
stand the contents displayed on the front windshield glass 88
shown 1n FIG. 6.

Note that, as a modified example of the above-described
embodiment, the setting of the first mark that 1s drawn 1n the
image data that corresponds to FIG. 5 does not have to be
changed in accordance with the inter-vehicle distance
between the other vehicle (204) and the own vehicle (202).

Further, as a modified example of the above-described
embodiment, the auxiliary information such as the traveling
speed and the like, that 1s displayed on the front windshield
glass 88 and 1s shown in FIG. 6, may be displayed further
toward the upper side than the height position of the eyes of
the dniver.

Further, 1n the above-described embodiment, the display
range of the display image 1s adjusted by the mirror surface
angle adjusting section 90 that 1s shown 1n FIG. 3, but the
display range of the display image may be adjusted by
another structure.

Further, the display control program 70 that 1s shown in
FIG. 2B may be stored on a storage medium and the like and
made to be able to be distributed.

Further, the above-described embodiment describes an
aspect 1n which automatic driving control processing, that
does not require driving operation by the driver, 1s carried
out as the driving support processing that supports the
driving of the own vehicle by the drniver. However, the
present mvention 1s not limited to this, and can also be
applied to an aspect 1n which processing, that assists the
driving operation by the driver and that drives the vehicle 1n
cooperation with the driver, 1s carried out as the drniving
support processing.

Note that the above-described embodiment and the above-
described modified examples can be implemented by being
combined appropriately.

Although an example of the present invention has been
described above, the present invention 1s not limited to the
above, and, other than the above, can, of course, be 1mple-
mented by being modified 1n various ways within a scope
that does not depart from the gist thereof.

What 1s claimed 1s:

1. An on-vehicle device comprising:

a peripheral situation detector that detects a situation of a
periphery of an own vehicle;

a display that 1s able to display an image, on a front
windshield glass of the own vehicle, 1n a manner of
being superposed on a scene of a real space at a vehicle
front side of the own vehicle;

an eye detector that detects a height position of eyes of a
driver of the own vehicle; and

at least one processor programmed to:
support driving of the own vehicle by the driver by

controlling the own vehicle based on the situation of
the periphery of the own vehicle that was detected by
the peripheral situation detector;

generate 1mage data, 1n which marks for driving sup-
port ol the own vehicle are drawn so as to be
superposed on a forward situation diagram that
shows a situation at a front side of the own vehicle,
based on the detected situation of the periphery of
the own vehicle and information obtained from sup-
porting the driving of the own vehicle;
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set a vanishing point in accordance with the height
position of the eyes of the driver and compute a
display 1mage depicted by a one-point perspective
drawing method from the detected height position of
eyes of the driver and the generated 1mage data;
cause the display image to be displayed on the front
windshield glass by the display such that the van-
1shing point 1s set 1 accordance with the height
position of the eyes of the driver based on the
detected height position of the eyes of the driver,
wherein:
the marks include a first mark, that 1s shaped as an
arrow and shows a traveling direction of an other
vehicle 1n the detected situation of the periphery of
the own vehicle, and a second mark, that 1s shaped
as an arrow and shows a planned traveling direc-
tion of the own vehicle; and
the first mark includes, in order from a tip end of the
arrow toward another end of the arrow, a distal end
portion, a first intermediate portion, a second
intermediate portion and a near portion;
in response to determining that an inter-vehicle dis-
tance between the other vehicle and the own vehicle
1s smaller than a threshold value that 1s set 1n
advance:
display the first intermediate portion, the second
intermediate portion and the near portion of the
first mark:; and
not display the distal end portion of the first mark;
and
in response to determining that the inter-vehicle dis-
tance between the other vehicle and the own vehicle
1s greater than or equal to the threshold value;
display the distal end portion, the first intermediate
portion and the second intermediate portion of the
first mark; and
not display the near portion of the first mark.
2. The on-vehicle device of claim 1, wherein
the display 1s built-in in an inner side of an instrument
panel of the own vehicle, and has a concave mirror that
reflects the display image toward the front windshield
glass, and a mirror surface angle adjustor that adjusts an
angle of a reflecting surface of the concave mirror by
operation of a motor, and
the motor 1s controlled by the at least one processor.
3. The on-vehicle device of claim 1, wherein
the first mark and the second mark appear to the driver to
be drawn on a road of the scene of the real space at the
vehicle front side of the own vehicle 1n the display
image.
4. The on-vehicle device of claim 1, wherein
the second mark 1s drawn while being updated continu-

ously 1n accordance with passage of time.

5. The on-vehicle device of claim 1, wherein

the display image include lines that partition vehicle lanes
in the display 1image, and the lines appear to the driver
to be superposed on lines that partition vehicle lanes 1n
the scene of the real space at the vehicle front side of
the own vehicle 1n the display image.

6. The on-vehicle device of claim 1, wherein

an upper limit position of the display image 1s made to
correspond to the height position of the eyes of the
driver, and a lower limit position of the display image
1s set along a lower end position of the front windshield
glass.
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7. A method of controlling an on-vehicle device that has;

a peripheral situation detector that detects a situation of a
periphery of an own vehicle;

at least one processor programmed to support driving of
the own vehicle by a driver by controlling the own
vehicle based on the situation of the periphery of the
own vehicle that was detected by the peripheral situa-
tion detector;

a display that 1s able to display an image, on a front
windshield glass of the own vehicle, 1n a manner of
being superposed on a scene of a real space at a vehicle
front side of the own vehicle; and

an eye detector that detects a height position of eyes of the
driver of the own vehicle,

the method comprising:
generating 1mage data, in which marks for driving

support of the own vehicle are drawn so as to be
superposed on a forward situation diagram that
shows a situation at a front side of the own vehicle,
based on the detected situation of the periphery of
the own vehicle and information obtained from sup-
porting the driving of the own vehicle;
setting a vanishing point in accordance with the height
position of the eyes of the driver and computing a
display 1mage depicted by a one-point perspective
drawing method from the detected height position of
eyes of the dnver and the generated 1image data;
causing the display image to be displayed on the front
windshield glass by the display such that the van-
1shing point 1s set in accordance with the height
position of the eyes of the driver based on the
detected height position of the eyes of the driver,
wherein:
the marks include a first mark, that 1s shaped as an
arrow and shows a traveling direction of an other
vehicle 1n the detected situation of the periphery of
the own vehicle, and a second mark, that 1s shaped
as an arrow and shows a planned traveling direc-
tion of the own vehicle; and
the first mark includes, in order from a tip end of the
arrow toward another end of the arrow, a distal end
portion, a first intermediate portion, a second
intermediate portion and a near portion;
in response to determining that an inter-vehicle dis-
tance between the other vehicle and the own vehicle
1s smaller than a threshold value that 1s set 1n
advance;
displaying the first intermediate portion, the second
intermediate portion and the near portion of the
first mark; and
not displaying the distal end portion of the first mark;
and
in response to determining that the inter-vehicle dis-
tance between the other vehicle and the own vehicle
1s greater than or equal to the threshold value;
displaying the distal end portion, the first interme-
diate portion and the second intermediate portion
of the first mark; and
not displaying the near portion of the first mark.

8. A non-transitory computer-readable storage medium

storing a control program of an on-vehicle device that has:
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a peripheral situation detector that detects a situation of a

periphery of an own vehicle;

at least one processor programmed to support driving of

the own vehicle by a driver by controlling the own
vehicle based on the situation of the periphery of the
own vehicle that was detected by the peripheral situa-

tion detector;

a display that i1s able to display an image, on a front

windshield glass of the own vehicle, in a manner of
being superposed on a scene of a real space at a vehicle
front side of the own vehicle; and

an eye detector that detects a height position of eyes of the

driver of the own vehicle,

the control program causing a computer with the at least

one processor that 1s included 1n the on-vehicle device
to execute processing comprising:
generating 1mage data, 1 which marks for driving
support of the own vehicle are drawn so as to be
superposed on a forward situation diagram that
shows a situation at a {ront side of the own vehicle,
based on the detected situation of the periphery of
the own vehicle and information obtained from sup-
porting the dniving of the own vehicle;
setting a vanishing point in accordance with the height
position of the eyes of the driver and computing a
display 1mage depicted by a one-point perspective
drawing method from the detected height position of
eyes of the drniver and the generated 1mage data;
causing the display image to be displayed on the front
windshield glass by the display such that the van-
1shing point 1s set in accordance with the height
position of the eyes of the driver based on the
detected height position of the eyes of the driver,
wherein:
the marks include a first mark, that 1s shaped as an
arrow and shows a traveling direction of an other
vehicle 1n the detected situation of the periphery of
the own vehicle, and a second mark, that 1s shaped
as an arrow and shows a planned traveling direc-
tion of the own vehicle; and
the first mark includes, in order from a tip end of the
arrow toward another end of the arrow, a distal end
portion, a first intermediate portion, a second
intermediate portion and a near portion;
in response to determining that an inter-vehicle dis-
tance between the other vehicle and the own vehicle
1s smaller than a threshold value that 1s set 1n
advance:
displaying the first intermediate portion, the second
intermediate portion and the near portion of the
first mark:; and
not displaying the distal end portion of the first mark;
and
in response to determining that the inter-vehicle dis-
tance between the other vehicle and the own vehicle
1s greater than or equal to the threshold value;
displaying the distal end portion, the first interme-
diate portion and the second intermediate portion
of the first mark; and
not displaying the near portion of the first mark.
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